The effect of both the magnetic field and mass transfer on buoyancy induced flow over vertical plate embedded in a nonNewtonian fluid saturated porous medium has been modeled and analyzed. The power-law fluid model is used to characterize the non-Newtonian fluid behavior. Similarity solution for the transformed governing equations is obtained with prescribed variable surface heat flux. Numerical results for the details of the velocity, temperature and concentration profiles are presented. Excess surface temperature as well as concentration gradient at the wall associated with heat flux distributions, which are entered in tables, have been presented for different values of the power-law index n buoyancy ration B 1 , magnetic field parameter Mn and the exponent λ as well as Lewis number Le .
Introduction
The flow and heat transfer in an electrically conducting fluid permeated by a transverse magnetic field is of special interest and has many practical applications in manufacturing processes in industry. During the industrial stages, the production may need to be consolidated by internal heat generation. The heat transfer rates can be controlled using a magnetic field.
One of the ways of studying magnetohydrodynamic heat transfer field is the electromagnetic field.
MHD flow of non-Newtonian fluids had been studied by Gorla et al., 1993. El-Amin and Mansour, 2001 studied the effects of magnetic field on buoyancy induced flow of non-Newtonian fluids over a horizontal plate embedded in a porous medium with variable surface temperature or with variable heat flux. The problem of buoyancy induced flow of nonNewtonian fluids in a porous medium past a vertical plate with non-uniform surface heat flux was studied by Rao, 1994. Hossain and Ahmed 1990 , studied the combined effect of forced and free convection with uniform heat flux in the presence of a strong magnetic field. investigated the influences of magnetic field on buoyancy induced flow over vertical flat plate embedded in a non-Newtonian fluid saturated porous medium. Rashad, 2008 , studied influence of radiation on MHD free convection from vertical flat plate embedded in porous media with thermo phonetic deposition of particles. Pal and Talukdar, 2010a investigate buoyancy and chemical reaction effects on MHD mixed convection heat and mass transfer in a porous medium with thermal radiation and Ohmic heating. Abdul-Hakeem et al., 2010 , studied magneto convective heat and mass transfer over a porous plate with effects of chemical reaction, radiation absorption and variable viscosity. Effects of thermal radiation and viscous dissipation on MHD viscoelastic free convection past a vertical isothermal cone surface with chemical reaction studied by El-Kabeir et al., 2012. The problem of natural convection over a nonisothermal body of arbitrary shape embedded in a porous medium was studied by Nakayama and Koyama, 1991. Chen and Chen, 1988 , presented similarity solutions for free convection on non-Newtonian fluids over vertical surfaces in porous media. Mehta and Rao 1994 investigated the buoyancy induced flow of non-Newtonian fluids over a non-isothermal horizontal plate embedded in a porous medium. The problem of forced convection heat transfer on flat plate embedded in porous media for power-law fluids has been analyzed by Hady and Ibrahim, 1997 . A similarity solution for free convection from a point heat source embedded in a non-Newtonian fluid saturated porous medium was presented by Nakayama 1993. Non-similar solutions for mixed convection in non-Newtonian fluids along horizontal surfaces in porous media were investigated by Gorla et al., 1997. Yang and Wang 1996 , studied the problem of free convection heat transfer of nonNewtonian fluids over axisymmetric and twodimensional bodies of arbitrary shape embedded in fluid saturated porous medium. A review of natural convective flows due to combined buoyant mechanisms in porous media was presented by Nield and Bejan, 1999. Angirasa et al., 1997 , investigated combined heat and mass transfer by natural convection with opposing buoyancy effects in a fluid saturated porous medium. Rastogi and Poulikakos 1995, considered non-Newtonian fluid saturated porous media and presented similarity solutions for aiding flows with concentration. El-Amin et al 2004, studied combined effect of magnetic field and lateral mass transfer on non-Darcy axisymmetric free convection in a power-law fluid saturated porous medium. Mass transfer effects on the non-Newtonian fluids past a vertical plate embedded in a porous medium with non-uniform surface heat flux investigated by El-Amin, 2001. Cheng, 2009 studied the natural convection heat and mass transfer from a vertical truncated cone in a porous medium saturated with a non-Newtonian fluid with variable wall temperature and concentration. Chamkha, et al., 2011 studied the heat and mass transfer by non-Darcy free convection from a vertical cylinder embedded in porous media with temperature dependent viscosity. Natural convection boundary layer of non-Newtonian fluid about a permeable vertical cone embedded in porous medium saturated with a nanofluid studied by El-Hakiem, et al., 2011 . El-Hakiem, 2014 studied the heat transfer from moving surfaces in a micro polar fluid with internal heat generation. The effect of radiation and double dispersion on mixed convection heat and mass transfer in non-Darcy porous medium; is investiggate by El-Hakiem, 2014. In the present work, it is proposed to study the effect of magnetic field and mass transfer on the nonNewtonian fluids past a vertical plate embedded in a porous medium with non-uniform surface heat flux. The power-law fluid model is used to charactenize the non-Newtonian fluid behavior. Similarity solution for the transformed governing equations is obtained with prescribed variable surface heat flux. The values of heat transfer coefficient and concentration gradient at the wall are determined.
Basic Equations
The present work was undertaken in order to investigate the problem of effect of magnetic field and mass transfer on buoyancy-induced flow over vertical flat plate embedded in a non-Newtonian fluid saturated porous medium. The x − coordinate is measured along the plate and y − coordinate normal to it. The applied magnetic field is primarily in y − direction and varies in strength as a function in x . No externally generated electrical field is imposed. The magnetic Reynolds number of the flow is taken applied magnetics can be neglected. Under all these assumptions the governing equations for the flow and heat transfer are given by:
where
Subjected to the following boundary conditions:
where u and v are the Darcian velocity components in the x − and y − directions, respectively, B is the applied magnetic field, k is the effective thermal conductivity of the saturated porous medium, p is the pressure, T is the temperature, C is species concentration, D is the chemical molecular diffusivity, K is the modified permeability of the porous medium, β is the thermal expansion coefficient, µ is the dynamic viscosity, ρ is the density, g is the acceleration due to gravity and α is the thermal diffusivity. The power-law fluid model is used to characterize the non-Newtonian fluid behavior. Christopher and Middleman 1965 and Dharmadhikari and Kale, 1985 proposed the following relationships for the permeability as a function of the power-law index n as follows:
-- (Christopher and Middleman 1965) (Dharmadhikari and Kale 1985) where d is the particle diameter while ε is the porosity. When n < 1 the model describes pseudoplastic behavior, whereas n > 1 represents dilatant behavior.
As the thermal boundary layer is thin, the boundary layer approximations analogous to classical boundary layer theory can be applied. The experimental and numerical studies on convective heat transfer in a porous medium show the thermal boundary layers exist adjacent to the heated or cooled surfaces (Nield and Bejan, 1999) . The normal component of the seepage velocity near the boundary is small compared with the other component of the seepage velocity and the derivatives of any quantity in the normal direction are large compared with derivatives of the quantity in direction of the wall. Invoking the Boussinesq approximation, the pressure can be eliminated from Eqs. (2) and (3). Under these assumptions, therefore the basic governing equations are given by:
The following dimensionless variables are as follows:
where, Ra is the modified Rayleigh number defined by:
and hence the dimensionless equations are given as follows:
and the boundary conditions become
where,
is the buoyancy ratio and Mn
, assuming that the surface heat flux vary according to the power-law Q(x) = x λ . Also, for the similarity to be possible we choose the strength of the magnetic field in the form
as . However the defining the stream function ψ(x, y), is introduced which satisfies the continuity equation (15) 
Introducing expressions in Eq. (20) into Eqs. (16)-(19), the transformed governing equations may be written as:
with the boundary conditions: 
The expression of the excess surface temperature T s is given by 
Therefore, Sherwood number is defined by
Results and Discussion
The fourth-order Range-Kutta method with shooting technique is used to solve the system of ordinary differential equations in Eq. 21-23 along with the boundary conditions in Eq. 24. The step size Δη = 0.05 is used while obtaining the numerical solution with η max = 12 and five decimal accuracy as the criterion for convergence. Numerical computations are carried out for Mn=0, 1, 2, 0.5 ≤ ≤ 1.5 , -2.0 ≤ ! ≤ 2.0 , 0.1 ≤ ≤ 10 , 0.01≤ λ ≤ 0.5.
Numerical results of the excess surface temperature and the concentration gradient at the wall for varying values of Mn , n , B 1 , Le and λ are presented in Tables 1-4 . From Table (1) it is obvious that, an increase in the values of n and Le enhances the excess surface temperature, so, an increases of magnetic field parameter Mn enhances it, for all values n and Le , but, it reduces the absolute values of concentration gradient at the wall. Also, it clear that, an increases in the value of n reduces the absolute values of concentration gradient at the wall but, it is clear that, the absolute values of concentration gradient at the wall increase as the parameter Le increases, for all cases of the powerlaw index n . Table 1 . Values of (0) and − (0) for selected values of Mn, n and Le with ! = 1.0 and λ = 0.3 Table 2 . Values of (0) and − (0) for selected values of ! , Mn, and Le with = 0.5 and λ = 0.01 Table 3 . Values of (0) and − (0) for selected values of ! , Mn and Le for the Newtonain fluid (n=1) and λ = 0.5
0.1 1.0 10. Table 4 . Values of (0) and − (0) for selected values of ! , λ
and Mn with = 0.1 and = 0.8 Fig. 1 , we observe that an increase in the magnetic field Mn reduce the velocity maximum, while, an increases in Lewis number Le enhances it. In Fig. 2 , it is that, an increases in the buoyancy ratio B 1 enhances the velocity maximum, while, an increases in the parameter λ reduces it. 
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